Abstract: In the present work, Microsteam distillation -Solid phase microextraction (MSD-SPME) and hydrodistillation (HD) techniques were applied to obtain volatiles from Achillea sivasica, an endemic species from Turkey. GC-FID and GC/MS analysis revealed that 1,8-cineole (22.1%) and -pinene (9.3%) were the main constituents of the hydrodistilled flower volatiles. (Z)--Farnesene (23.9%), decanoic acid (10.1%), eudesmol (8.0%), tricosane (7.3%) and hexadecanoic acid (7.2%) were the main volatiles obtained from flowers by MSD-SPME. The leaf volatiles obtained by HD contained camphor (9.0%), -pinene (6.9%), 1,8-cineole (6.7%), -pinene (6.7%) and-bisabolol (6.6%) as the main constituents while the leaf volatiles obtained by MSD-SPME technique were rich in (E)-geranyl acetone (10
Introduction
The genus Achillea L. (Asteraceae) is a perennial herb and comprise about 140 species around the worldwide [1, 2] . The name of Achillea originates from the Trojan warrior Achilles, who used yarrow (Achillea millefolium) on soldiers for wound healing [3] .
Achillea species are used as traditional treatment for analgesic purposes at abdominal pain, menstrual pain, headache, rheumatics pain. They are used for ulcer, appetizing, carminative, diuretic and against fleas as insecticidal [4] [5] [6] [7] A. millefolium reviewed by German Commission E advert to its astringent, cholerethic, antibacterial, antispasmodic effects [8] . In literature survey, the essential oil of Achillea species showed antioxidant [9] [10] [11] , antimicrobial and antifungal [12] [13] [14] [15] [16] , antimelanogenesis [17] , antiinflammatory and for healing [18, 19] , cytotoxic and insecticidal activities [20] [21] [22] .
The survey of previous studies on essential oil contents revealed that main (major) volatile components of Achillea species are oxygenated monoterpenes, mostly 1,8-cineole and camphor. Essential oil contents from literature survey are summarized in Table 1 . Several methods are applied to obtain volatiles from plant material. Nowadays, simple, rapid, cheap and "green" techniques which require small amount of plant materials for analysis are in demand. There is increasing requirement for fast, safe and repeatable extraction techniques which give possibility to obtain volatiles within a short period of time. MSD-SPME technique is such a technique combining solid phase microextraction with hydrodistillation [63] . The technique gives us the possibility to obtain the volatiles in a short time from a small amount of sample [64, 65] . In this context, the tandem of MSD-SPME method with GC-FID and GC/MS techniques was applied for the analysis of the volatiles obtained from the flower, leaf and root of A. sivasica. MSD-SPME technique combined with GC-FID and GC/MS methods has earlier been successfully applied for the extraction of volatiles from diverse species such as Salvia rosifolia Sm. [66] , Heracleum spp. [67] , Prangos turcica [68] , Xanthogalum purpurascens Lallem. [69] and Angelica sylvestris var. sylvestris [70] .
It is known that the quality of flavoring components is dependent on enantiomeric profile. Chiral capillary GC (CC-GC) has proven to be a convenient method for characterizing enantiomeric profile of essential oils. CC-GC technique allows to differentiate natural flavors from those of synthetic origin. Chiral compounds from natural origins usually exist as one predominant optical isomer [71] . Also, the inspection of enantiomeric ratios can characterize regional differences between oils. Enantiomers are important in the determination of essential oils' sensorial properties such as smell and flavor. On the other hand, they may have different biological activity and toxicity properties. For example, (S)-(+)-carvone inhibited Fusarium spp. fungi and the elongation of the potato sprouts [72] , while (R)-(-)-carvone showed important toxicity properties [73] . Variations in enantiomeric ratios of specific components which may be related to sensory characteristics, indicate substitution or adulteration, or improper storage and handling of the material. Therefore, investigation of enantiomeric distribution is important. In scope of the present work, the volatiles of A. sivasica were separated on chiral column to obtain information about the distribution of major enantiomeric compounds.
Hence, we aimed to carry out comprehensive investigation of the flower, leaf and root volatiles of A. sivasica. In scope of the present work, we attempted to evaluate the enantiomeric distribution of the major volatile constituents of A. sivasica by separating them on -cyclodextrin chiral columns. In addition, we investigated the lipid composition, namely chemical composition of fatty acids which were extracted with Folch method for subsequent analysis of their composition after methylation with Boron trifluoride reagent (BF3). So, the present work is the first comprehensive investigation of the volatiles from flower, leaf and root of Achillea sivasica using a tandem of MSD-SPME, GC-FID and GC/MS techniques. The enantiomeric distribution of major volatiles, and chemical composition of the fatty acids of A. sivasica were carried out for the first time.
Materials and Methods

Chemicals
Boron trifluoride reagent (BF3), hydrochloric acid, n-hexane (Sigma-Aldrich, Germany), calcium chloride, anhydrous sodium sulfate (Fluka, Germany), diethyl ether (JT Baker, Holland), chloroform (Sigma-Aldrich, France), methanol (Sigma-Aldrich, Poland) were of analytical grade. Standard compounds of definite enantiomeric purity were used to assess the enantiomeric ratios.
were purchased from SigmaAldrich (USA). A C8-C40 n-alkane standard solution was purchased from Fluka (Buchs, Switzerland).
General
Agilent 5975 GC-MSD system (Agilent, USA; SEM Ltd., Istanbul, Turkey) was equipped with the HP-Innowax FSC column (60 m × 0.25 mm id with 0.25 m film thickness, Agilent, USA). The GC-FID analysis was carried out with capillary GC using an Agilent 6890N GC system (SEM Ltd., Istanbul, Turkey). Separation of enantiomer was performed with an Agilent 5975 inert MSD with Triple-Axis Detector and Agilent 7890A GC systems (Agilent, USA; SEM Ltd., Istanbul, Turkey). The manual SPME holder (57330-U, Supelco, Bellefonte, PA) and the device for MSD-SPME system were used for MSD-SPME experiments. 
Plant Material
Hydrodistillation of Essential Oil
A. sivasica flowers and leaves were separately subjected to hydrodistillation in a Clevenger type apparatus to yield essential oils (3 hours) [74] .
Microsteam Distillation -Solid Phase Microextraction (MSD -SPME)
Microsteam distillation -solid phase microextraction of the volatiles was carried out using an assembly reported previously [66] . MSD-SPME involved concurrent solid-phase microextraction combined with continuous hydrodistillation of the volatiles. This method significantly makes shorter the time required for the isolation of volatiles. It should be noted that this technique allows the isolation of volatiles from a very small amount of plant material. Tandem of MSD-SPME with GC-FID and GC/MS techniques is simple, sensitive, rapid, solvent-less and non-toxic technique for analysis of the volatile compounds at microscale level. Briefly, the ground plant material (0.3 g) was placed in 25 mL round bottom flask along with 10 mL of water. The flask was fitted with a Claisen distillation head with plug and a condenser set up for refluxing rather than distillation. The threaded plug was used for SPME fiber assembly. A manual SPME holder (57330-U, Supelco, Bellefonte, PA) and the PDMS-DVB 65 m fiber "blue type" were used for the extraction of volatiles. Previously, the fiber was conditioned at 250 ºC for 10 min before the experiment. After the SPME needle pierced the plug, the fiber was expressed through the needle and exposed to the headspace above the plant sample. Different extraction periods were applied to optimize experiment conditions. The extraction time for leaf and flower volatiles was 3, 5, 8, 10 min, while the roots were extracted for 5, 8, 10 and 15 min. After trapping of the volatiles, the loaded SPME fiber was withdrawn into the needle, and then the needle was removed from the plug and subsequently used for GC/FID and GC/MS analyses. Thermal desorption of analytes from the fiber coating was performed by injection of the fiber in the injection port (at 250ºC) for 5 min. Experiments were performed in triplicate.
Fatty Acid Extraction and Derivatization
The ground plant material was subjected to maceration with chloroform: methanol (2:1) at room temperature for 24 h. The extract was filtered and the residue material was macerated twice (for 30 min) more with new portions of the solvent. All filtrates were combined and half of the solvent was evaporated under vacuum in a rotary evaporator. Then, half amount of chloroform was added into the extract. The obtained extract was washed (three times) with CaCl2 solution (0.4%) in separatory funnel. At the end of the procedure, the chloroform extract was filtered through anhydrous sodium sulfate to remove moisture, then chloroform was removed under vacuum. The dried extract was subjected to saponification. To do this, the crude extract was boiled in KOH-H2O-MeOH (1:1:8) solution for 2 hours in a refluxing system. After the saponification process, 1-2 mL of n-hexane was added to remove non-saponified compounds [75] . The fatty acids were extracted with diethyl ether after acidification of the extract with HCl (15% solution). The methylation of the free fatty acids was performed using BF3 reagent [76] . The fatty acids methyl esters were subjected to analysis with GC/MS and GC/FID techniques.
Gas Chromatographic Analysis
The GC/MS and GC-FID analyses were carried out with the HP-Innowax FSC column (60 m × 0.25 mm id with 0.25 m film thickness, Agilent, USA) in conditions reported earlier [77] .
Enantioselective GC Analysis
Enantioselective GC analyses were performed with GC/MS and GC-FID systems, Agilent 5975 inert MSD with Triple-Axis Detector and Agilent 7890A GC systems (Agilent, USA; SEM Ltd., Istanbul, Turkey) equipped with three different chiral columns to determine enantiomeric distribution of the constituents. The scanned mass spectra were recorded at 70 eV. The acquisition mass range was from m/z 35 to 450 amu. The temperature conditions of chromatographic separation and column types are given in Table 2 .
Identification and Quantification of Compounds
Identification of the individual compounds was based on the following: (i) comparison of the GC/MS Relative Retention Indices (RRI) of the compounds on polar column determined relative to the retention times of a series of n-alkanes (C8-C40), with those of authentic compounds or literature data; (ii) computer matching with commercial mass spectral libraries: MassFinder software 4.0, Adams Library, Wiley GC/MS Library (Wiley, New York, NY, USA) and Nist Library, and comparison of the recorded spectra with literature data [78, 79] . Confirmation was also achieved using the in-house "Başer Library of Essential Oil Constituents" database, obtained from chromatographic runs of pure compounds performed with the same equipment and conditions [80] . Percent composition was obtained for each constituent on the basis of GC-FID analyses of the oils 
Results and Discussion
Composition of Volatiles
In the course of our ongoing studies on Turkish aromatic plants, we report here on the composition of endemic A. sivasica essential oil, determined by means of GC-FID and GC/MS techniques. The flower and leaf oils were obtained with conventional hydrodistillation method. Yields of the essential oils of A. sivasica were calculated on moisture free basis: flower (0.048%) and leaf (0.036%). Additionally, the volatiles of the flower, leaf and root were obtained with modern rapid MSD-SPME technique and subsequently analyzed with GC-FID and GC/MS. Table 3 lists the detected compounds with their RRI values, relative percentages and methods of identification. 1,8-Cineole (22.1%) and -pinene (9.3%) were found to be the main constituents of the flower volatiles obtained with HD. In the flower volatiles obtained with MSD-SPME, (Z)--farnesene (23.9%), decanoic acid (10.1%), eudesmol (8.0%), tricosane (7.3%) hexadecanoic acid (7.2%), 1,8-cineole (5.3%), epi--bisabolol (4.9%) and germacrene D (4.7%) were found as the main constituents. Hence, MSD-SPME technique was more sensitive in trapping flower volatiles rich in sesquiterpenes.
Camphor (9.0%), -pinene (6.9%), 1,8-cineole (6.7%) -pinene (6.7%), -bisabolol (6.6%) and longiverbenone (4.9%) were found to be the main constituents of the leaf volatiles obtained with HD. MSD-SPME technique trapped leaf volatiles rich in (E)-geranyl acetone (10.5%), (E)--ionone (10.3%), camphor (10.2%), 1,8-cineole (9.6%), longiverbenone (7.9%), -eudesmol (7.5%), isopropyl myristate (6.7%), epi--bisabolol (6.4%), and borneol (5.9%). Similar to the flowers, MSD-SPME technique extracted leaf volatiles particularly rich in sesquiterpenes. The root volatiles were rich in the sesquiterpenes, longiverbenone (14.1%) and (E)-geranyl acetone (9.3%) as well as in aliphatic alcohols, nonanol (12.1%) and decanol (12.5%). Distribution of the major compound groups in the flower, leaf and root volatiles obtained with hydrodistillation (HD) and MSD-SPME techniques from A. sivasica is presented on Figure 1 .
In hydrodistilled flower and leaf oils, oxygenated monoterpenes predominated constituting 43.6% and 26.1% of the oil, respectively. Application of MSD-SPME technique to the flowers and the leaves resulted in the extraction of oxygenated sesquiterpenes ranging from 15.8% to 29.3% and 22.8% to 36.6%, respectively. In the leaf oils, total amount of the sesquiterpene hydrocarbons was scarce. It was interesting to note that MSD-SPME extracted volatiles with lower percentage of the oxygenated monoterpenes (7.7%) from flowers. The root volatiles obtained with MSD-SPME technique were found as rich in aliphatic alcohols (30.1%) and oxygenated sesquiterpenes (23.4%). The monoterpenes have not been detected in the roots at all. -bisabolol.
Enantiomeric Distribution
Stereochemical configurations of the major volatile constituents were measured by chiral GC-FID and GC/MS using three different chiral stationary phases. Chiral gas chromatography is the most popular method for the enantioselective determination of volatile phytochemicals. In scope of the present work, the essential oils of A. sivasica were analyzed by GC-FID and GC/MS using a split injection onto a capillary column with a stationary phase containing derivatized cyclodextrin macromolecules, achieving optimum separations of enantiomers. Before analyzing the oils, the chromatographic separation was optimized. The parameters were selected based on the information provided in the "Restek Guide to the Analysis of Chiral Compounds by GC" [93] . Representative chromatogram of separated enantiomers in the flower oil of A. sivasica is presented in Figure 2 .
The enantiomeric ratios of certain enantiomeric compounds in the essential oil were determined, (-)--bisabolol and (-)-borneol were identified by 100% purity, -pinene, -pinene, limonene, transpinocarveol, terpinen-4-ol compound are presented by enantiomer pairs. Percentage distribution of the enantiomeric compounds in A. sivasica oils is presented in Table5.
In the literature, there is scarce information about enantiomeric distribution of Achillea volatiles. The enantiomeric distribution of 1S-(-)-camphor was measured as 93.3% and 99.6% in A. falcata from two localities [38] . The enantiomeric distribution of 8 chiral constituents in A. ligustica were determined by GC-MS using two enantioselective stationary phases (DIME--CD and Lipodex-E) [94] . 
Fatty Acid Contents
As part of our research on the phytochemical profile of essential oil bearing plants, A. sivasica was investigated also for its fatty acid composition. The present work is the first fatty acid analysis report on A. sivasica. Liquid-liquid extraction with subsequent methylation and GC-FID and GC/MS analyses revealed that A. sivasica fatty acids are comprised of 16 compounds representing 99.7% of the flower and 13 compounds representing 97.7% of the leaf lipids. Seventeen fatty acids in total were identified and quantified in the flower and the leaf lipids. Fatty acids were classified as total saturated (SFA), unsaturated (UFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids. Among SFAs, palmitic (22.2% and 17.3%) acid was found to be the main constituent in the flower and the leaf lipids, respectively. It was followed by stearic acid (6.3% and 0.7%). Eight SFA, C8:0, C10:0, C12:0, C14:0, C15:0, C17:0, C20:0 and C22:0 were detected in smaller amounts (0.1-1.5%). Oleic acid (20.9% and 3.9%) was detected as the major representative of MUFA in the flower and the leaf oils, respectively. PUFA fraction was presented by linoleic (26.9% and 16.9%) and linolenic (13.2% and 56.2%) acids. Over half of the leaf lipids consisted of linolenic acid. The ratio of PUFA/SFA ranged between 1.18 and 3.7, while the ratio of UFA/SFA was 1.95 and 3.98 in the flower and the leaf oils, respectively. Fatty acid chemical contents are summarized in Table 6 .
In literature, there is scarce information about fatty acids of Achillea species. Oleic (34.7%), palmitic (23.1%) and linoleic (20.6%) acids were determined as the main fatty acids in A. cappadocica Hausskn, et Bornm, (whole plant) [95] . Achene fatty acids composition data for A. biebersteinii Hub.-Mor., A. bisserata M,Bieb., A. multifida (DC) Griseb., A. wilhelmsii K. Koch and A. millefolium L. were reported recently [96] . A. millefolium was characterized by low amounts of C16:0 (4%), C18:2 (5,6%) and C18:3 (10,68%) [97] , In contrast, A. sivasica was characterized by extremely high percentage of C18:3 fatty acid. A paper reported the occurrence of 24.3%-25.9%, 21.6%-16.8% and 41.3%-7.4% C18:2 and C18:3 in A. linguata, A. nobilis and A. crithmifolia, respectively [98] . A. tenuifolia L. was characterized with high contents of linoleic C18:2 (69.4%), oleic C18:1 (14.5%) and linolenic C18:3 (1.7%) acids in the seed oil [99] .
Conclusion
In scope of the present work, essential and fatty oils from different parts of A. sivasica obtained variously by conventional hydrodistillation, rapid MSD-SPME and solvent extraction (Folch method) techniques were analyzed by GC/MS and GC-FID. Enantiomeric distribution of main components was investigated with capillary enantioselective gas chromatography. This is the first contribution on chemical profile of A. sivasica volatiles, enantiomers, essential and fatty oils.
